Abstract -The addition of benzophenone to a FeCl:/CHzClz mixture in the presence of 3',4'-dimethoxy-2-acetamidostilbene 17 unexpectedly leads to a dramatic improvement in yield of the indoline 20 from 38% (previously reported by us) to 75.4Yo, after careful examination of a variety of reaction conditions. A catalytic cycle has been proposed that involves not only stilbene radical cations but also Fe2n promoted benzophenone ketyl radical formation which enhances cyclisation, suppresses dimerization and accounts for the vinually quantitative recovery of the benzophenone.
apply the radical casaade hypothesis, which we invoked in our previously reported stereoselective bisindoline svnthesis.8 to Takavama's svntheses.
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Red Al Scheme 1. Takayama's synthesis of meso-chimonanthine 3 from tryptamine I and2 by exploitation of iodobenzene bistrifluoroacetate
This mechanistic explanation that accounts for both stereochemical and regiospecific issues is shown in Scheme 2. The pathway described in Scheme 2 is revealing, Racemic chimonanthine 4 is formed by combination of pynoloindolyl radical 7 (exo mode). 7 is of course derived from the radical cation 6.
Mesochimonanthine 3 is obtained by combination of 7 with its enantiomorph (ent 7). The "dimer" 5 is the result of combination of the delocalized radical 8 with 7. This explains the C(3){(7') bond in 5. We have employed a similar analysis (radical combination) to our previously published bisindoline syntheses8
that accounts for the observed stereoselectivity complete with enthalpy of formation data (AMl-annealing method). The suggestion that the biosynthesis of compounds related to the pyrrolidinoindolines (e.g., 4
and 5) might involve radical cations has been made by Overmane and Crich.r0
Indoline natural products such as (+)-vinblastine,l'duocarmycinr2 and phakellistaton 3r3 show significant pharmacological potency, and not surprisingly, provided the impetus for many creative attempts to construct the indoline ring. These successful attempts include intramolecular (pyridazine) inverse electron demand Diels Alder methodology,t4 aryl radical addition,lt organozincate addition,l6 aza-Cope Mannich rearrangementl 7 andcopper mediated aryl amination.l8
Many of the transformations have been applied to the synthesis of 3-substituted indolines. With respect to the 2-substituted indolines a conservative selection of methods that employ protected anilines may be summarized (Scheme 3). gel was weighed together with the FeCl3 in the weighing bottle, mixed and added to the reaction In the light of Itoh's report2l of the ferric perchlorate catalysed cycloaddition of benzoquinone to styrene derivatives, we thought it would be timely to revisit our earlier investigations. The result of this reexamination of our earlier studies with a view to controlling radical cation reactivity is described below.
We subjected acetamido stilbene 17, prepared according to our previously published method, to FeCl: Table l , Entry 6).
In the second series of experiments, we reacted the acetamido stilbenes with "anhydrous" FeC13 in the presence of maleic anhydride in either toluene or CHzCl2 at temperatures varying from 30 oC to 70 oC. In the final series of experiments (Table 3) With respect to the increased efficiency of the stilbene radical-cation cyclization and the suppression of the bisindolization (see Table 2 , Entries 4 and 5 and Table 3 , Entries 6 and 9), a catalytic cascade hypothesis which has considerable explanatory power is provided (see Scheme 5) . The stilbene 17 is oxidized (F.'* ) Fe2*) to produce the radical cation 18 (Scheme 4) as we have previously described.
Cyclization can proceed to give the indolyl radical 19 as described in our previous report. However, a critical event not previously obsefred, now occurs in the presence of benzophenone which is now effectively reduced by the Fe2n to yield the ketyl radical 22 (Scheme 5).t3 HETEROCYCLES, Vol. 75, No. 5, 2008 The intermediacy of this species is crucial because we propose that rapid electron transfer from 22 to the indolyl radical 19 will generate the moderately stabilized carbanion 23 which now deprotonates the previously formed radical cation 18 thus promoting the required cyclisation of 18 to 19 thereby increasing the concentration of 19 which is fed back into the cycle. The protonation of 23 will of course yield the desired indoline 20. Notice that from 23 bisindolyzation (see 21, Scheme 4) is prohibited. As we will see the anion 23 is not the only candidate for a source of base (see Scheme 6) . However, at this juncture two points should be noted. added to the mixture. The mixture was allowed to stir at rt (30-32'C) and was monitored by TLC, After the consumption of the starting material, the reaction mixture was diluted with saturated aqueous NFI4CI
and extracted with EtOAc, The crude product obtained after evaporation under reduced pressure was subjected to centrifugal chromatography using hexane with increasing proportions of EtOAc. Two pure compounds,20 (72.6% yield) and 2I" (3.8% yield), were isolated. 
